We discuss a model which involves the top quark condensation and the walking technicolor. We focus on the scalar boson in such a model from the viewpoint of the observed scalar boson at the LHC.
Introduction
The ATLAS and CMS collaborations at the LHC have announced the discovery of a new scalar boson with mass m h 126 GeV [2, 3] . The production cross section and decay rates of this new boson appear to be consistent with the prediction of the Higgs boson in the Standard Model (SM). Therefore the next logical step is to try to uncover its properties more precisely and to see how well it fits in with various extensions of the SM. A scenario based on the dynamical electroweak symmetry breaking still remains as a viable alternative, although the discovery of a light scalar boson is a severe obstruction for traditional technicolor models [4] .
There are generally at least two different alternatives based on the dynamical electroweak symmetry breaking. First possibility is walking technicolor which is controlled by the quasiconformal gauge dynamics [5] . The walking technicolor model has an approximate scale symmetry and a scalar boson emerges as the pseudo NmabuGoldstone boson after the approximate scale symmetry is broken. This scalar boson, so-called techni-dilaton, might be light and explain the observed new boson at the LHC [6, 7] . Second possibility is the top quark condensation [8, 9] where the electroweak symmetry breaking is triggered by the Nambu-Jona-Lasinio (NJL) dynamics [10] . The NJL dynamics leads to emergence of a scalar boson with mass m h = 2Σ where Σ is the dynamical fermion mass. This scalar boson is described as a SM like electroweak scalar doublet. This is different from the description of the techni-dilaton [6] .
In this talk we consider the new observed scalar boson from the viewpoint of the top quark condensation model. In the top quark condensation model, scalar boson is composed of the top quark and its mass is related to the top quark mass by the NJL dynamics, i.e. m h = 2m t . This is not suitable to explain the observed scalar boson with m h 126 GeV at the LHC. However, it might be possible to explain the observed scalar boson mass in the top quark condensation model by sharing the top quark mass with another dynamical sector, e.g. extended technicolor [11] . This scenario is the top-seesaw assisted technicolor model [1, 12] where we have used the top-seesaw model [13] which might be a promising model among several models based on the top quark condensation under the present experimental constraints.
Top-seesaw assisted technicolor (TSSTC) model
In this section, we consider the 126 GeV scalar boson in a model which involves walking technicolor and top-seesaw dynamics simultaneously. However, in this talk, we concentrate only on the top-seesaw sector to focus on a scalar boson originating from the electroweak doublet like the Higgs boson in the SM. Particle contents are summarized in 
gauge coupling and the topcolor breaking,
, is triggered at a scale Λ. The unbroken SU (3) c is the usual color gauge group. The topcolor breaking provides following four fermion interactions at scale Λ:
where the superscript c implies charge conjugation. The diagonal terms, G b and G t arise from the exchange of color octet massive gauge bosons with mass ∼ Λ originating from the topcolor breaking. The off diagonal term G tb may arise from e.g. the topcolor instantons [14] . Using the fermion bubble sum approximation [9] , the low energy Lagrangian at µ < Λ is given by
where L TSS yukawa consists of the Yukawa interaction terms for the third family quarks and their vector-like partner quarks and is given explicitly by
The potential V TSS (Φ 1 , Φ 2 ) is given by
Finally, L M in Eq. (2) is the electroweak singlet mass term and is given by
The doublets Φ 1,2 are parametrized as
and the covariant derivatives for Φ i are of the same form as for the SM Higgs doublet. The NJL dynamics based on Eq. (1) is rewritten by the renormalization group equations for y i , λ i in Eq. (3) together with suitable compositeness conditions [9, 14] . In Fig Higgs bosons are shown, and tan β , tan φ are given by tan
TC . The dynamical fermion mass for the top quark sector is Σ U ≡ y 2 v 2 / √ 2. The parameter M TSS,0 is defined as M TSS,0 ≡ M 2 12 /(sin β cos β) and t ≡ m t (ETC)/m t where m t (ETC) is contribution to the top quark mass from the extended technicolor sector. We fix t = 0.5 here. From the right panel in Fig.1 , we find several candidates of parameters to realize the m h = 126 GeV, for example, M TSS,0 = 77 GeV for tan φ = 1 , tan β = 0.5 ,
M TSS,0 = 960 GeV for tan φ = 3 , tan β = 3 .
The case of Eq.(6) leads to a problematic mass difference among physical Higgs bosons: m h , m A 126 GeV < m H m H ± 300 GeV where A, H ± are the CP-odd and charged Higgs boson respectively. This mass difference gives a large contribution to the Peskin-Takeuchi T -parameter [15] and it is disfavored by the electroweak precision tests. On the other hand, the case Eq. (7) provides m h 126 GeV < m H m A m H ± 1 TeV which is not constrained by the electroweak precision tests, since the degenerate heavy higgs bosons do not result in a large contribution to the T -parameter. Furthermore R b ≡ Γ(Z → bb)/Γ(Z → hadrons) constraint also favors the case of Eq. (7) rather than Eq.(6) [1] . Therefore, we conclude that the case of Eq. (7) is favorable parameter set in the present model from the viewpoint of both the electroweak precision tests and the observed new scalar boson mass.
126 GeV Higgs boson in the TSSTC at the LHC
In this section, we compare the Higgs boson in the present model for Eq. (7) to the recent LHC SM Higgs boson search data. For this purpose, we vary b ≡ m b (ETC)/m b in a range 0.1 ≤ b ≤ 1 which does not affect the previous discussions. We focus on the signal strength defined as
where σ ggF is the production cross section of the Higgs boson by the gluon fusion and Br(h → X) (X = γγ, W W * , ZZ * ) is the branching ratio of the Higgs boson. Furthermore, h TSSTC denotes the lightest CP-even Higgs boson in the present model and h SM denotes the Higgs boson in the SM. In the present model, the yukawa coupling between the top quark and the Higgs boson becomes larger than the SM one since h TSS is composed of the top quark and its vector-like partner. Thus it is possible to obtain the enhancement of the gluon fusion production process:
2 in Eq. (8) . However, we find that the hV V -coupling in the present model for Eq. (7) is much smaller than the SM Higgs boson case. This is so, since v 2 /v EW = 0.1 is satisfied for the case Eq. (7). This fact ensures that we need not take into account the production process via the vector boson fusion in Eq. (8) when we compare µ X (X = γγ, W W * , ZZ * ) to the LHC data. However, the signal strength of the fermionic decay mode is given by
and we find that the suppression factor v 2 /v EW = 0.1 affects the production cross section part in the signal strength. Furthermore, we should bear in mind that the suppression factor v 2 /v EW = 0.1 also affects the decay process which includes the hV V -coupling. All signal strengths in the present model are shown in the left panel in Fig.2 as a function of b . For comparison, we also present the values of µ γγ,ZZ * ,W W * from the ATLAS and CMS data [2, 3, 16, 17] . One can see that all signal strengths are very small (µ X 1) in the present model due to the above suppression factor if b 0.1 − 0.6. However, µ V V * changes drastically for b 0.8. This is because a large b around b = 1implies that the bottom-yukawa coupling in the present model is smaller than the SM one and its smallness brings i) small 
where
Here we impose that the isotriplet vector meson mass is much larger than m h : M ρ 2m h and tan α 1, which is the mixing angle in the CP-even higgs boson sector in the present model. In Eq.(10) we present the approximate expression for the vector boson contributions to the diphoton decay channel and drop the fermion contributions since the fermion contributions are smaller than the vector boson contributions. Now, we do not specify the origin of the isotriplet vector meson and we treat (C hρρ , M ρ ) as free parameter. In the right panel in Fig.2 , we show the signal strength µ X for C hρρ = 0.4 and M ρ = 1 TeV as a function of b . We find that this modification, i.e. adding L hρρ , gives a large contribution to Γ(h TSSTC → γγ) but Br(h TSSTC → W W * /ZZ * /bb) are not affected by this addition as expected. Therefore it is possible to explain the large diphoton excess in the present model with keeping other decay channels be consistent with the LHC SM Higgs data.
Summary
In this talk we have considered a model which involves both the top-seesaw and the technicolor simultaneously. Especially, we have focused on the top-seesaw sector which provides the SM Higgs-like scalar boson by the NJL dynamics. We conclude that it may be possible to realize the 126 GeV Higgs boson in such model by sharing the top quark mass with another dynamical sector. Furthermore we have found that the Higgs boson in the top-seesaw assisted technicolor model may be consistent with the LHC data if the new isotriplet vector meson exists and couples to the Higgs boson in the top-seesaw assisted technicolor model.
